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As part of an investigation into the fate of potential Arctic oil spills,
the U.S. Coast Guard Research and Development Center and Canadian Marine Drilling Ltd
(CANMAR) released satellite-tracked platforms at the Canadian offshore drilling sites
in the southeastern Beaufort Sea. During the first three years of joint research
effort, which began in 1979, 21 trajectories were compiled, 15 from oceanographic
drifters released in summer open water conditions and 6 from platforms deployed
onto Arctic Ocean sea ice. -

The movement of the 15 oceanographic drifters showed considerable interannual
variability. In 1979 the buoys moved offshore and to the west, paralleling the
Alaskan coast, a direction which is consistent to the east-to-west motion of the
southern portion of the Beaufort Sea Gyre. The 1980 and 1981 drift data show no
such consistent behavior. In 1980 the buoys first moved to the east; three of the
buoys then reversed directions and moved to the west in response to persistent winds
from the east and northeast. The 1981 data exhibited the most dramatic easterly
movement with five buoys grounding on or near the Tuktoyaktuk Peninsula, a short
distance from the release site.

Despite this remarkable yearly variability, at least one buoy drifted into U.S. waters
in each of the first three years of the study. This, in addition to the fact that the
ice movement data show a net westward motion, suggests that the Alaskan coast could be
affected by a major uncontained blowout during Canadian offshore operations
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surface currents, Beaufort Sea, This document is available to the U.S.
satellite-tracked buoys, wind-driven public through the National Technical
circulation, sea ice movement Information Service, Springfield,

Virginia 22161
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1 .0 INTRODUCTION

As part of its investigation into the fate of potential Arctic oil spills,
the U.S. Coast Guard Research and Development Center (R&DC) in 1979 began a
series of drift studies in the Beaufort Sea (Figure 1-1) using satellite-
tracked platforms.

This research effort is motivated by the development of Beaufort Sea oil
resources in both Canadian and United States waters, and the recognition that
there is a concomittant possibility for an accidental marine oil spill in the
region. Even with the most sophisticated containment and recovery techniques,
it is not likely that 1001 of the spilled oil can be contained at an Arctic
spill site. This task is difficult enough in temperate waters; in the Arctic
the problem is complicated significantly by the presence of sea ice during
most of the year. The result could be an oil slick moving in the complex
Arctic environment, which requires that an oil spill model be employed to
predict spill movement.

The primary goal of this research is to examine the surface flow field in
the Beaufort Sea, particularly the interannual variability and the range of
motions one would likely encounter during an Arctic oil spill. It has long
been recognized that the accuracy of the most sophisticated of mathematical
oil spill models rests on the quality of the available surface current data.
The Beaufort Sea is a data sparse area, and until recently little attention
has been given to the oceanography of the region.

Since its inception, this research program has been a cooperative effort
between R&DC and Canadian Marine Drilling, Ltd. (CANMAR), a subsidiary of Dome
Petroleum, a major Canadian oil company. Thus far, the study has focused on
the movement of satellite-tracked platforms, both freely-drifting buoys andI
ice buoys, deployed at the CANMAR offshore drilling sites north of the
Tuktoyaktuk Peninsula, Northwest Territories. The deployment site is located
in a region of confirmed oil resources and where exploration continues;
production in this area could commnence as early as the late 1980's.

This report is the second in a series of reports docuenting the results
of the R&OC Beaufort Sea drift program. The first (Murphy et al. 1981)
described the 1979 deployments in detail. The present report describes the
data from the first three years of the program (1979 through 1981); it treats
the 1979 data in general terms and presents in detail the results of the 1980
and 1981 platform deployments. In 1981 four satellite-tracked platforms were
deployed onto Arctic Ocean sea ice as part of two independent U.S. Coast Guard
projects, three as part of the RIOC Ice Research program and one in support of
the USCGC POLAR SEA winter 1981 Arctic deployment (Shuhy, 1981). Those data
are also presented in the present report.

It is not the intent of this report to present an exhaustive analysis of
the platform motions, but rather to describe the data in the framework of the
large scale atmospheric systems and ice cover eavironment.
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Throughout this report, Julian dates (JO) are presented where appropriate
because this calendar system, in which the days of the year are numbered
sequentially starting 1 January, is convenient when dealing with drift
intervals spanning several months.

2.0 MEASUREMENT PROGRAM

2.1 Tracking System and Platform Description

Two different satellite tracking systems and several different
platform designs were employed in this study. The first tracking system, used
only in 1979, was the Random Access Measurement System (RAMS) on board the
NIMBUS 6 satellite; Kirwan et al. (1976) provide a summnary of RAMS. The
advertised position accuracy of RAMS is + 5 km. The second tracking system,
used after 1979, was the ARGOS system on-board the TIROS/NOAA series
satellites. It provides a system position accuracy of approximately 300
meters; Bessis (1981) describes the ARGOS system. For both the RAMS and ARGOS
systems, the buoy positions are determined by a Doppler shift in the carrier
frequency of the buoy transmissions during a satellite pass.

Two fundamentally different platform types were used in this study;
their movement is used to address two vastly different Arctic oil spill
scenerios. The first platform was a freely floating drift-buoy, also called
an oceanographic drifter, which follows surface currents. This platform type
was used to investigate the surface currents as they relate to the oil
movement from a spill occurring in the ice-free or open water conditions of
the Arctic summer. The second platform type was an Arctic dri fter which was
deployed onto, and tracks the movement of, sea ice. Its movement is used to
simul-ite the motion of oil entrapped in sea ice, a likely occurrence should

I , oil ue spilled under an ice cover.

Three different oceanographic drifter hulls were used. The first
type, used in 1979, was designed and constructed at Scripps Institute of
Oceanography (SIO) and will be referred to as the SID hull. It consisted of a
fiberglass cylinder approximately 3 meters long (Figure 2-1). The remaining
two hull types were designed and manufactured at Polar Research Laboratory
(PRL) of Santa Barbara, California. The first was the standard PRL hull
(Figure 2-2) which is approximately the same length as the SID hull. The PRL
hulls used in 1980 were fitted with 2x11 m nylon window shade drogues, tethered
to the buoy with 30 m of nylon line. A drogue sensor which incorporated a
load cell was mounted on the lower end of the buoy hull. This sensor provided
a drogue "on/off" indicator along with the position data. This hull type will
be referred to as the PRL hull. The third hull type (Figure 2-3) used in this
study was designed by PRL especially for CAII4AR. It is 1.12 m in diameter
with a 0.20 a drag skirt. The buoy floats nearly awash, with only a 0.38 m
antenna above the water surface. It will be referred to as the CAI#4AR hull.

The TIROS Arctic Drifter (TAD), manufactured by PRL, was used to
track the movement of sea ice. The particular version used (Figure 2-4) was
air-deployable, although in most cases it was convenient to land the aircraft
and hand-deploy the platform.

3
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Little needs to be said about what the motion of a TAD represents.,
The TAB track is that of the ice floe upon which it was placed, and the only
uncertainty lies in what happens to it when it enters the water, for example,
falls into a lead. It is likely that the TAO stops transmitting, and
experience with iceberg tracking supports this contention (R.Q. Robe,
personal communication).

The matter of what the motion of the oceanographic drifters
represents is the subject of. more uncertainty. Even for the drogued PRL buoys
it is probably best to assume that all the oceanographic drifters followed the
currents in the upper (1 to 2 meters) portion of the water column. The actual
fate of the drogues is uncertain as is described later.

There is, of course, some downwind buoy movement due to the wind
stress acting directly on the exposed (above the water line) portion of the
hull. It is variously called leeway or slippage (with respect to the water),
and it contaminates the surface current information that the buoy trajectory
indicates.

For the SIO and PRL hulls the ratio of the submerged area to exposed
area was at least 2:1; thus the wind stress on the buoy hull is not expected
to dominate the buoy motions. Kirwan et al. (1978) attempted to correct the
buoy movement records by eliminating direct wind effects, but they found
unrealistically high corrections and concluded that the uncorrected records
were better representations of the ocean surface currents. M~cNally (1981),
using drifters with SIO hulls in the northern Pacific, showed that there was
no si gnificant systematic difference between the movement of undrogued
drifters and those with drogues at 30 m, which suggests that the slippage of
his buoys was small compared to the wind-driven currents.

The hull design of the CANMAR buoys is quite different from the
relatively similar SIO and PRL hulls. The intent of CANMAR was to develop a
buoy hull which would travel like an oil slick. The issue of how well the
movement of the CAII4AR hull fulfills this goal is not addressed in this
report. The drift data are presented and, in particular, the movement of the
CANMAR hull is compared to the PRL hulls for the cases in which the two types
were released together.

2.2 Position Data Processing

For the 1979 deployment, the RAMS system provided an average of one
good fix every 1 .4 days. OnI some occasions there were four or five good
positions per day, while at other times, there were data gaps of up to ten
days. The sporadic mature of the data limited the sophistication of the data1
processing. As a result, a simple two-point linear interpolation scheme was
used to generate an equally spaced record of positions with a time interval of
48 hours; no filtering was attempted.

The position data collected from the ARGOS system in 1980-1981 were
less sporadic. There were very few data gaps and 10 or more good fixes were
recorded each day for all of the platforms. The position data were processed
in a manner following Robe and Maer (1979). Equally spaced position records
with a three-hour time interval were computed using a four-point linear
interpolation scheme. These position records were then filtered using a
low-pass filter with a cut-off of 1.16 x 10-5 Hz (one cycle per day). This



filter removes the random system errors and most of the tidal effects. The
buoy drift speeds and directions were computed from the filtered files using a
simple two-point backward differencing scheme.

2.3 Sea Ice Concentrations

Data concerning sea ice concentrations and distributions in the
Beaufort Sea were obtained from atlases prepared by the Joint Ice Center (JIC)
in Suitland, Maryland (NOAA/US Navy Joint Ice Center, 1979-1981). The
terminology used in the text follows that employed by the JIC. The ice
concentrations are presented in tenths. Open water refers to ice
concentrations of <1/10, and ice-free indicates that there is no sea ice
present. The ice is also classified by age; multi-year and second-year ice
are indicated by OLD (2.0 to 3.5 m thick) while first-year ice (FY) includes
all first-year ice types (0.30 m to 2 m thick). Young ice (10 to 30 cm) is
denoted by YNG, and N refers to new and nilas (an elastic crust of ice <10
cm thick).

Sea ice concentrations data are presented for the appropriate periods
in 1980 and 1981 in Appendices A and B respectively. The data for the 1979
oceanographic drifter deployment are presented in Murphy et al. (1981) and are
not repeated here.

2.4 Wind Data

Direct wind measurements over water or ice in the Arctic Ocean are
rare. As a result, surface wind data are computed from the distribution of
surface atmospheric pressure using the geostrophic equations and applying a
relationship between geostrophic wind and the actual surface wind. This
method is described by Petterssen (1958).

The data used in this report were obtained from two sources. The
first, used only in 1979, was the National Meteorological Center (NMC) 1000"mb
velocity field, a wind field which is essentially geostrophic. The second
source, used in 1980 and 1981, was the daily Arctic atmospheric pressure
fields presented by Thorndike and Colony (1981) and Thorndike et al. (1982).

3.0 YEARLY PLATFORM TRAJECTORIES

In this section the trajectories of the platforms deployed from 1979
through 1981 are described. A total of twenty-one tracks, fifteen oceano-
graphic buoys and six TAD's, are presented in chronological order based on
the release date. Data summaries for each of the three years are presented
in Tables 3-1 through 3-3.

3.1 Summer 1979

Seven freely-drifting buoys, all with SI0 hulls and NIMBUS
electronics, were deployed into ice-free waters at CANMAR drilling sites
north of Richards Island (Figures 3-la through 3-e). They were released
on two dates, three buoys on 9 August (JO 221) and four buoys on 30 August
(JO 242), along a north-south line 50 km long starting approximately 50 km
offshore; none of the buoys had drogues. The goal was to study both the
spatial and temporal variability of the nearshore surface flow.

9
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FIGURE 3-1 (Cont'd) Trajectories for Buoys Released in 1979: (a) Buoy 226,
(b) Buoy 432, (c) Buoy 443, all released 9 August (JD
221); and (d) Buoy 261, and (e) Buoy 404 both released
30 August (JD 242). Dates are given in Juli1an Days;

asterisks are plotted at seven-day intervals.
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Of the seven buoys, one stopped transmitting immediately after its
release and another grounded on Richards Island a short distance from the
release site. The remaining five buoys traversed the Beaufort Sea in an east-
to-west direction.

The three buoys released on 9 August (JO 221) moved rapidly to the
northwest out of the deployment area (Figure 3-la through 3-1c) under moderate
to strong southeast and south winds in mid-August. They continued to move
predominantly from east to west across the Beaufort Sea, parallel ta the
Alaskan coast and approximately 200 km offshore. This movement occurred in
ice-free and open water considerably off the continental shelf. They returned
to the continental shelf near Pt. Barrow in mid-October, approximately two
months after their release. To the west of Pt. Barrow, they turned snmiewhat
to the south and entered the Chukchi Sea where they encountered 7/10 to 10/10
N/YNG sea ice in mid-Novemb~er. By 11 February 1980 (WD 42), all three of
these buoys had ceased transmitting.

The two remaining buoys from the 30 August (JO 242) deployment also
moved quickly out of the release area to the northwest, and thence to the west
along the Alaskan coast (Figure 3-ld and 3-le). They moved somewhat inshore
of the three released earlier, but off the continental shelf as well. Their
early movements were in ice-free waters, but by mid-October they encountered
7/10 to 10/10 N/YNG sea ice east of Pt. Barrow and stopped transmitting
positions shortly thereafter.

Murphy et al. (1981) compared weekly averaged buoy motions with
similarly averaged surface winds calculated from the 114C 1000 nb atmospheric
velocity field. For the period that the buoys moved in either ice-free or
open water, they computed the buoy speed as a percentage of the surface wind
speed and the deflection angle (the angle that the buoy moves relative to the
wind direction). They found considerable scatter in the datA at low wind
speeds; however, for surface wind speeds greater than 5 ms ' the buoys were
found to move consistently at 3.8% and 220) to the right of the local wind.

3.2 Sumuer 1980

During the summer of 1980 eight oceanographic drift-buoys, tracked
using the ARGOS System, were released into ice-free waters at four-day

--intervals over the period from 13 August (JD 226) through 2 September
(JO 246); the launch site is denoted by an "X" in Figures 3-2a and 3-2b. Two
hull types were used: four PRL hulls with window shade drogues tetherad at 30
meters and four undrogued CAII4AR hulls. The primary goal of the 1980
open water effort in 1980 was to examine the temporal variability of the
surface flow in the study area.

Of the eight buoys released, one failed immediately due to an
apparent electronic malfunction, and two others provided positions for only a
few days. At least one of these was reportedly hit by an ice-breaking vessel
operating in the study area. The tracks of four of the five remaining buoys
are shown in Figures 3-2a and 3-2b; the fate of the fifth buoy is discussed
later.
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The 1980 tracks are considerably different from those in 1979,particularly the easterly motion which occurred in the first few weeks afterthe releases. During this period (mid-August to mid-September), theatmospheric circulation in the Arctic Ocean was dominated by a low pressuresystem which resulted in west and northwest winds in the study area. Theresponse of two of the buoys (2587 and 2589), both with CA1I4AR hulls, wasquite dramatic (Figure 3-2a). They moved persistently to the east enteringAmundsen Gulf and then Franklin Bay. Twelve-hour average speeds of up to0.59 ms'1 were measured in the area north of Bathurst Peninsula. Both buoysbeached on the Parry Peninsula, one permanently (2589 on 17 Septemb~er, JO 261)and the other (2587) for two weeks (21 September, JO 265, to 5 October,JD 279), a period during which there was a considerable amount (8/10 to 10/10)of FYOLD sea ice in tihe vicinity.

Unfortunately, the early position data from the drogue-equipped PRLhulls must be viewed with skepticism. The drogue tethers (30 m) were too longfor the shallow water which they entered under the forcing of the northwestwinds. Often, these buoys were near or within the 50-meter bathymetriccontour; therefore, it is likely that the drogue was in contact with thebottom for extended ppriods. Adding to the uncertainty is the fact that theactual fate of the drogues is unknown, because in all cases, the drogueoan/off" indicator s~owed that the drogues had detached shortly (-410 days)after deployment.

The drogue problem explains the lack of significant eastward movementof the drogued buoys during the persistent northwest winds. In fact, one ofthe buoys (2583) was clearly In water too shallow for the drogue and neverreturned to deep water. Its track is of little value and is not plotted inI ~ I Figure 3-2b,. The remaining two drogued buoys (2581 and 2582) were eventuallyblown clear of the shallow water; however, because of the recognizedreliability problems of the "on/off" indicator, the fate of the drogue isuncertain. It is assumed that the drogues detached.

During early October there were several periods of strong south tosoutheast winds; this explains the persistent northward tracks of 2587 and2581 (5 October, JO 279, to 28 October, JO 302). Both buoys were in heavy seaice concentrations (9/10 to 10/10) although 2587 was in an area of N/YNG ice,while buoy 2581 was near areas of thicker OLD ice.

18



A period of remarkably coherent westward movement is apparent in the
trajectories of buoys 2581, 2582 and 2587 from 29 October (JD 303) to 30
November (JO 335). During this period, the atmospheric flow in the southern
Beaufort Sea was dominated by high pressure in the Arctic Ocean, resulting in
persistent winds from the east. The average surface wind, as estimTted from
the pressure distributions of Thorndike and Colony (1981) was 8 ms . The
offshore buoys, 2587 and 2581 (Figures 3-2a and 3-2b), moved parallel to the
coast at1 a) roximately 200 km offshore at average speeds of 0.13 ms- and
0.21 ms" 1 respectively. Both of these buoys moved in 9/10 to 10/10 FY/YNG
ice, although the paths were a short distance from and parallel to the 10/10
OLD pack ice. The movement of the inshore buoy (2582) shown in Figure 3-2b
was more complicated, possibly being affected by its proximity to the coast
( <50 kin) and the Mackenzie River. During one remarkable episode (16
November, JD 321, to 22 Novfmber, JD 327) the buoy moved rapidly to the west
at speeds of up to 0.85 ms-', with an average of 0.60 ms" . This movement
occurred in 9/10 to 10/10 YNG/FY ice.

All three buoys continued transmitting positions well into 1982 with
rather sluggish motions being interspersed with periods of no motion.

Histograms of percent relative frequency of speed and direction are
presented for 2581, 2582, 2587, and 2589 in Figures 3-3a and 3-3b; they are
arranged so that Figure 3-3a relates to the buoys whose tracks are shown in
Figure 3-2a, and Figure 3-3b to Figure 3-2b. The speeds and directions were
calculated from the filtered records sampled at 12-hour intervals. The
calculations were made for the entire record length, without regard to the sea
ice environment, or whether (for 2581 and 2582) the drogue was indicated as
on. As anticipated from the trajectory plots, the dominant direction for all
buoys except 2589 was westward. For all buoys the 12-hour speeds from the
filtered records were primarily less than 0.20 ms-1. The speed of 2582 was
0.10 ms"1 or less 59% of the time. It is likely that these low speeds
reflect its movement in the near shore ice environment as well as the period
during which its drogue was in contact with the bottom. During the winter the
buoy was motionless for extended periods.

3.3 Winter 1980-1981

During the winter of 1980-1981, six TAD's were deployed onto sea ice
in the Arctic Ocean as part of three independent Coast Guard research
projects. Two (2585 and 2586) were deployed at approximately the same
location near the CAMNAR drilling sites north of the Tuktoyaktuk Peninsula as
part of the R&DC Arctic Oil Spill Research Project. Three platforms (2577,
2578, and 2579) were set onto sea ice as part of the R&DC Ice Research Project
(now discontinued). The data from these three buoys, which were fitted with
barometers, are reported in detail in Thorndlke et al. (1982). Finally, one
platform (2619) was air-dropped from a Coast Guard HC-130 onto sea ice
northeast of Wrangel Island in support of the USCGC POLAR SEA 1981 Drift
Project (Shuhy, 1981). The position data from 2619 are reported, in part, in
Shuhy (1981).

The trajectories of five of the platforms (X marks the launch site)
are presented in Figure 3-4. Platform 2585 provided only eleven days of
position data, during which it moved only a short distance from its deployment
location; its track is not plotted.

19



2587

30

10

,0 20 30 .O so 0 M 8 0 90 o

- l (M-6 r

4 0,

20 -

30 60 90 'V0 Iso 100 210 240 270 300 330 38

IOscNo C7T)
2589

~do.
w

a In 1o 8 21 M

tO 0 1 .30 40 0 60 70 60 .0 1.0

"i FIGURE 3-3a. Percent: Relatve Frequency of' Speed and Directi on f'or Buoy 2S87

and Buoy 2589o Constructed from filtered records sampled at
' 1 -hour ite~rval s.- 20

2O0,

160 20 26 270 US 31 36

m mal m nmmmummmm n~35 ,60 n U, 121 'n6n0,mm



2582

-20

10

.10 .20 .30 .40 so so 70 so .80 1.0

0.

.40
t

J6
30 s0 20 120 ISO Io 20 240 270 300 O 340

2581

~40

20

10

10 .20 .30 .40 .50 60 70 .80 t0 1.0

SPUD (M,,)

FIGURE 3-3b. Percent Rlative Frequency of Speed and Direction for Buoy 2581
and Buoy 2582. Constructed from f 11 ed records sainpl ed at:

i 1 2-hour intervals.

21



CIOI

0 

404 C

CL C

CL4 C 10

*0 4v

In 41

41 41

41 L.

co1 C .Ism,

161C
04.

41 0
l 4 a.

4a A

la.

o cL

a C

f A - - e

laa

22



The net platform motion shown in Figure 3-4 is primarily westward and
north-westward (2619), which is consistent with the clockwise motion of the
Beaufort Sea Gyre (Thorndike and Colony, 1980). However, the individual
platform trajectories, shown in detail in Figures 3-5 through 3-8, Indicate
complex movement characterized by reversals in direction and periods of rapid
motion interspersed with sluggish or no motion.

Platform 2586 (Figure 3-5) was deployed onto FY ice on 8 Decemb~er
(JO 343) 1980 and it provided 213 days of position data, during which its net
motion was to the west. Its track was characterized by frequent and extended
intervals of no motion (eg. JD 51-%8, 114-128, and 156-163). This feature was
unique to 2586. The others moved sluggishly at times, but only rarely were
they motionless for more than a few days. The horizontal shear stresses
related to the proximity of the coast is a possible explanation for this
behavior. Along the track of 2586 there were also periods of rapid motion,
for example, from 20-27 March (JO 79-86) 1980 during which it moved at speeds
of up to 0.40 ms-1 from the Mackenzie Bay area to the Alaskan border. It
ceased transmitting on 9 July (JD 190) 1980 two weeks after it reversed
direction and retraced a portion of its westward track.

The track of 2586 is particularly noteworthy because it was placed on
sea ice in Canadian offshore oil fields and it moved rather directly into U.S.
waters. It spent nearly half of its transmission life west of the Canadian
border, and, more important, it was there during swumer break up. It is
during break up that oil from sea ice contaminated during an oil spill could
be released into open water.

The remaining four TAD's were deployed within thirteen days of each
other in widely separated locations. Platforms 2579 and 2578 (Figure 3-6)

weredeplyedconsiderably to the north of the launch site of 2586 on 11 April
p ~ J were an~oyd 16April (JO 106) respectively. The northern platform (2579)

provided 136 days of position data, while 2578 transmitted positions for 83
days. Although a detailed analysis of the trajectories has not been made,
there were periods during which the two tra. ectories appear to be coherent.
The 12-hour speeds rarely exceeded 0.15 msand equally rare were periods
of no motion.

The path of 2577 (Figure 3-7), deployed on 6 April (JO 96) 1981, is
spectacularly convoluted. Its motion was also characferized by several
periods jn which the 12-hour speeds exceeded 0.20 AIs and speeds of up to
0.40 ms '. Its path culminated by -it nearly beaching on Pt. Barrow on
JD 283.

Buoy 2619 was deployed to the east of Wrangel Island on 3 April
NJO 93) 1980 and provided ten months of position data which are plotted in
Figure 3-8. Its motion was characterized by a large north-westward net
motion, with one major counter-clockwise loop. _There were several periods
during which the 12-hour speed exceeded 0.2 Zms', and only infrequently was
it motionless for more than 12 hours.
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3.4 Summer 1981

The effort in summer 1981 again focused on the temporal variability
of the surface flow field. As in 1980, eight buoys, four with PRL hulls and
four with CANMAR hulls, were released into ice-free water over a three-week
period beginning on 15 August (JO 227). The PRL hulls were fitted with wind
speed indicators; the wind data were transmitted with the positions via the
ARGOS System. None of the buoys had drogues. On two occasions during the
release period, buoys of different hull types were released concurrently to
compare their response. On the first date (15 August, JO 227) three buoys,
two with PRL hulls and one with a CAN!4AR hull, were released at the same
time. On the second occasion (22 August, JD 234) one of each type was
released.

Of the eight buoys launched during 1981, one malfunctioned shortly
after deployment, and another was apparently recovered by a vessel; the
trajectories of the remaining six buoys are plotted in Figure 3-9(a, b and c).

The five buoys released in the first week (15-22 August, JO 227-234,
Figures 3-9a and 3-9b) remained in the general vicinity of the launch area
under light and variable winds. This condition persisted until 29 August (JD
241) when three days of vigorous winds, primarily from the northwest, drove
three of the five buoys ashore on the Tuktoyaktuk Peninsula, and the remaining
two into Liverpool Bay. The average wind speed measured on buoy 2601 during
29 August (JO 241) to 1 September (JO 244) was 11 ms- . This figure agrees
well with an independent estimate of the surface wind speed calculated from
the atmospheric pressure distributions presented in Thorndike et al. (1982);
the orientation of the isobars was used to estimate the wind direction in the
study area.

For the four buoys which drifted for the entire northwest wind event

(one beaehed early in the three day period), the average shoreward speed was
0.37 ms-. For an 11 ms- wind speed, this results in buoy speeds of 3.4%
of the surface wind speed.

The surface currents documented by the eastward buoy movements are
remarkably consistent with the flow field proposed by IacNeill and Garrett
(1975) for persistent and vigorous ( z 12 ms-') northwest winds. This
current regime, based on observations and extrapolations, provides for a
general surface water movement southeastward toward the coast which turns
parallel to the coast aboyt 10 kim offshore. They estimate a mean surface
current speed of 0.35 ms"', and also propose a circulation into Liverpool
Bay. One could have accurately predicted the buoy motions based on the
current field of MacNeill and Garrett.

Buoy 2604, released on 4 Septemer (JO 247) well after the northwest
winds had subsided, shows quite a different behavior (Figure 3-9c). It
rmined in the general launch vicinity for six weeks, whereupon It commenced
a persistent and, at times, rapid ( 0.50 ms") northwest and westward
movement (25 October, JO 298) under the influence of east winds. During this
period, the buoy was in 9/10 to 10/10 YNG ice; it ceased transmitting shortly
after it entered an area of 9/10 to 10/10 OLD/FY ice on 4 November (JO 308).

28



...........
a m

I'4 EU (
Im w

CLN Nm El E

- (A

0 C

c4! -R

w- w) Qa~.
Oa. L. 0 *-

oC #A'U O~

'U~C 1-- 0

C I - N - $A

-W 0 21.

(A-

-U,
0E 0- IA E

C4a

ZI x
____ ___ ___ ___ ___ ____ ___ ___ ___ ___ C4 0* 44

C4 CL t

-~~4 c AO

-Aa

L6

2901



72 I (c)

BEAUFORT SEA

- "0 3 9 6 .. ' ....... °

. . . ................

70 254

,ACK ENZIE

A -TUKTOYAKTUK
PEN.

AAALASKA I CANADA'

145W 135W4 1254

FIGURE 3-9 (Cont'd). Filtered Trajectories for Buoys Released in 1981. (a)
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Histograms of percent relative frequency of speed and direction for
the buoys released in 1981 are presented in Figures 3-10a, 3-l0b, and 3-10c.
The figures are arranged so that the histograms in Figure 3-10a relate to
the buoy tracks of Figure 3-9a, 3-l0b to 3-9b, and 3-10c to 3-9c. With the
exception of buoy 2604 (Figure 3-10c), the dominant direction was eastward
with the most frequently occurring speed in range of 0.10 to 0.20 ms .w

There was little apparent systematic difference in the movement of
the PRL and CAN?4AR hulls. Figure 3-11 shows the velocity vectors, constructed
from the filtered records sampled at 12-hour intervals, for the buoys released
prior to the strong northwest winds. In the cases in which a buoy of each
type was released concurrently, the buoys moved in a qualitatively similar
manner. Regrettably, the effort to compare the movement of identical hulls
with the concurrent movement of different hull types failed with the early
demise of one of the PRL-hulled buoys released on 15 August WJD 227).

4.0 DISCUSSION AND CONCLUSIONS

The most striking feature of the buoy drift data is the dramatic
interannual variability evident in the trajectories of the oceanographic
drifters released during the three summners. Buoys deployed in essentially
the same location and at the same time of the year traveled as far west as
the Wrangel Island vicinity in the Chukchi Sea and as far east as the Parry
Peninsula in Amundsen Gulf. Comparisons of the early buoy movement data and
surface winds calculated from N?4C atmospheric pressure distributions (Murphy
et al., 1981) suggest that the buoy motions are closely related to local wind
forcing. More detailed comparisons are presently being conducted using the
pressure distributions determined by the University of Washington, Polar
Science Center (e.g., Thorndike and Colony, 1981). Their efforts in deploying
numerous satellite-tracked platforms with barometers on sea ice have vastly
improved the quality of meteorological data in the Arctic Ocean.

I ~ Amid the pronounced interannual variability demonstrated by the oceano-
graphtic drifter trajectories, there is a thread of consistency. In all of
the years there has been significant net westward movement evident in the buoy
tracks. By far the most dramatic westward movement occurred in 1979; all of
the buoys moved to the west, one approaching to within 50 km of Pt. Barrow
(443). In 1980, three of the four buoy tracks showed a net westward motion,Al
and one of these (2582) approached to within 10 km of the Alaskan coast. Even
in 1981, with the spectacular eastward movement, the buoy released after the
strong northwest winds had subsided (2604) had a net westward motion. It is
not the intent to argue that these buoy motions reflect the movement of oil
from potential spills, but rather to show that there can be significant
westward net dri ft in the southeastern Beaufort Sea and that thcre is
justification for the concern that the Alaskan coast could be affected
by a major blowout during Canadian operations.
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The eastward motion in the 1980 and 1981 oceanographic drifter
trajectories provides strong support for the surface current regime proposed
by MacNeill and Garrett (1975) for persistent northwest winds in the
Tuktoyaktuk area. Northwest winds, usually associated with the passage of low
pressure system through the northern Beaufort Sea, are a common but not
dominant summer wind condition in the study area. They are important because
vigorous and persistent northwest winds cause rapid onshore movement of
surface waters. The 1981 dri ft data, in particular, support the onshore
motion and the development of a strong coastal current flowing northeastward
along the Tuktoyaktuk coast, and eventually into Liverpool Bay.

In the summer of 1982 the R&DC Beaufort Sea drift study continued with the
deployment of four oceanographic drifters (with CANMAR hulls) near
Tuktoyaktuk. Each of the buoys provided substantial position data which are
only partially analyzed at this time. These data will be presented in a
future report.

The planned 1983 deployment involves the release of oceanographic drifters
at two Beaufort Sea sites during the summer open water season. As in several
previous years, CANMAR will deploy four buoys at their drill sites near
Tuktoyaktuk. At approximately the same time, R&OC will deploy six undrogued
PRL oceanographic drifters at sites offshore of Prudhoe Bay, Alaska. Specific
release sites and dates have not yet been chosen. This effort will be
conducted in cooperation with Alaska Clean Seas, a consortium of oil companies
investigating oil spill countermeasures. This is the first R&DC buoy
deployment in Alaskan waters, and it comes at a time when offshore exploratory
drilling is increasing in the region. For example, in late 1983 Sohio plans
to start drilling on an artificial island in the Mukluk structure 35-45 km
offshore and only 55 km to the west of Prudhoe Bay (Oil and Gas Journal, 1983).
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APPENDIX A

1980 Sea Ice Concentrations

Weekly sea ice concentrations in the study area for the period19 August - 4 November 1980.
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APPENDIX B

1981 Sea Ice Concentrations

Weekly sea ice concentrations in the study area for the period
11 August -17 November 1981.
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